




F~T~~~ TTT ~~~~~~~~~~ ~. :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~ I N S T L ~I ’ L T E  01’ T K ( .’ H N O L O ( Y

L IN( ’ ( ) LN  L A B O R  ~TOR~

AR PA AUTHOR ING SYSTEM

SEMIANNUAL TECHNICAL SUMMAR Y REPOR T
TO THE

DEFENSE ADVANCED HESEAR CU PROJECTS AGENCY

I A P RIl. — 30 SF~PTl~MIWR 1Q7~

I SSU E L ) 4 J A N U A R Y  1q7q

1

I~ 1
Approvt’d lot public reh’a ~~e; di st r ibu ti on un l im % t cd.

I. E X  I N  ( T O N  \1 ~S S A ( ’ Ht ~K T T ~

i~~~ 02 1
-

E _ _ ___ _
~___ . .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



pr ~~~~~~~~~~~ ~~
“—-

~~~~~~~ 
— -~~~ — — _______~ 

- .  _ _ _ _ _ _ _- -

~~~~~~ ~~-~-~ T 
_ -~~

A B ST R A C T

A review is presented of the project to develop and field test the AEPA
Authoring System for use by subject-matter experts in the preparation
of task training in on-the-job environments. Materials were prepared
according to the ARPA Authoring System procedures, and both prepara-
tion and delivery were on the facilities of the Lincoln Terminal System.
An analysis of the lesson production rates for 30 lessons prepared by
Air Force personnel revealed no systematic effects related to individual
author, authoring experience, or lesson type. Preliminary results from
a field test of the materials indicate that the lessons are sound. Large
savings were found in the time trainees require to reach job qualification
and in the amount of labor tha t subject-matter experts must dedicate to
training duties. 
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I. IN I’HOi ~t - 
~

liii s is  the tin.t I SI’IIt I 000.11 1 I a  i t i t i a  - a I Sit ill itta r~ t’e (k)I’ t a , t  I I I I  S ala ’ V a ’ laipilt cut proja ’ a’ I . 1’ha’

~~~~~~~~ goal ii as to at t ’vclaap a ‘. \  s t a ’ tn  t~a l ’ suta ~t’a ’ t — t n a t t a ’i’ exper t s  Ia ’ a uth or  n i a t a i ’aa ls  in the on—

t h e — i o b  environ loe l l t .  I’ha ’ ~t l ~~’a l a t  ap~’la ~ at ao la  s et cc ta ’at  ii as t a s k  t r a i n i n g .  (li t ’ k ind  of in st ruc t i on

praiVi (tt ~ at at  t he u Or k si t  t ’ in a l t i a ’ - tOt t ) i ta  • I ii t t ) I’ Ia I ii i taa Ia ’ to I a l t  I ga the gap ha ’ tw e eta fo r ot a I tOt ’ Ito tea I
sch oolin g a aol at ’ t a ta  I ,‘a ’a~I i na ’ ss to p er t or l i t  ~‘ a’ t - k .  I t o ’  inamedi ~t t a ’ 1~a ial a as to demonstrate th at

ex~~a ’ rt tca ’h tiit ’ pi~ep~t ii I t a l t i t a i g  u tah ’ a l a  Is tot  a l t  l i v  a ’ t ’\  Oat  a computer —based d c l iv  a ’ i’~

Si Sta ’lii. l’tit ’ t ait eil t is ttt captui’ a’ t r au t t a ig  i i i  la s soats a hen t h e  a ’xp a ’ ii ta ’a ’tin ia ’iaaat s a as’ a v a t  l a l a l a ’
so tha t  t r a i n i n g  ~‘a,i h a ’ a ’ t t t ta i i i t ta ’ tJ at  t t l t o ’ s  when lI t  a ’xpa ’ a t s  a l a ’ pi’eoca ’upied. ‘I’he pr ot ect  in—

a-t tadeal  de velopnient oh the au th  ‘i’ilig s~ sta ’ni . recording an~i anal~ St t a t  i t ’ 55011 proahac t ioui cost a .

test ot’ (hit ’ lt ’SSO nS pi ’oduced . at ia l  a ~sess uiict i t  of 11w a l i t  pat - h ta t  t i n s  form of inst ru ct ion  on pet’ —

formance t ra inmg in on—the  iola t ’lli ’ i i ’ouii t l t ’r ats.

‘l’he protect  a as a b u t t  ventui ’e . I’he .-\ i  i’ l- ’aaa ’ a a ’ I. t an lmtnu tca t ions  Scu’via ’c a A i” ( ’S) (‘oto —

imind provided sub)ect — m a t t e r  exper ts  as au tho rs  anal  a work  set t ing a u th in  ii In ch  to ta ’st the

lesson products.  Lincoln I ,ataaat’ator ~ a ’~~ii s tu ’ tua ’ta ’d (lit ’ htt u’ a twa rt ’ a ’It ’mc ,uts  to support the t a ’sls

a Lincoln l’e r m t n a l  S\ stem (1 . F S) t a ’ol lsist i l ig 01’ t i va ’ I US — “ i n st r t t a -t ioaial  al a ’lave  t’~ u n i t s  at ia t  one

Al H Audio  I alg i a ’ Ht’ t’ot’dt’rl a su t i t t i t  a t t l i l p i t t a ’ i’i -‘ a d  t a t  it  t t ~ 00 ii iiicii to iti ak i’ aud io rea ’oi’aliii gs .

to prograni te ssOIIs , anal to auia lv  ;e s tudent  rea ’oa ’ds. i- i a  a t  i t ia ’ a w e l t ’ t I  so provided (or conve r —

siont of vi~ ua I ma t er ia ls at i t i  ta~ )i ’ i’t’ a ’a irtl ings to mit ’ rofici te  ( f i l th  t’~it ’alsl suitable for the I U S— ~~.

‘Uhe 1 .‘FS that comitint’ S mit ’ rographic SntI nih’ i’oproa’t’ ssoi’ tt ’a ’ hIlt ’! a ’~~ V ii as dt’v t’lopt’d a ’ s pa ’ -
d a I l y  as a ta ’ a ’ iuioIog~ —ha St ’t I  S\  st t ’iii t ot ’  01i t h e  —jolt t ra in ing.  There are tu o principa l features

01’ the L~TS that  d ist inguish  it (cott a other coniputet ’ — laa . st ’ai meat i s  of i n s tr u a ’t ion : ~at  ‘1’he I. l’S —

operates s tand — alone . t’onnected oni y to a source of electr i t ’ p0111’ I ,ui d (t O t ile Si st a ’lii depends

on t’onvent ional techniques for the design ot’ los son alia h’ i’ial a. ‘l’he de l iva ’ r~ Of inst l ’ua ’tion is

substantially autonuited . and the preparat ion of mater ia ls  can ha’ a b u t’ Li ~ the usual t r a in ing  i~ ’r —

sonnel. The effectivenes s of I T S  training has bea ’ii demonstrated previousl y on subj ects  sua ’h

as basic electronics for Air F’ort’e technicians .’ etectr it ’al practice b r  coal miners , an~b

digital —systems engineer ing for graduate eugineers. ’

‘I ’hie proj ect has provided an opI~ hr tuni t y  to study t i ta ’ nia ’aais lot ’ genei’at ing computet’ —b ased

in struct i-oua undea’ unusual ci ecunistaitces :

• Subj ect—matter  t’xpert s  as authors (h ot i’ducatiounl specialistsl

• A procedural approau’h to managing tlit ’ authoring pt’oa ’ess (as contrasted

to t r ain ing the authors  in i~t iucat ional tet ’itaiques I

• Computer—based ins t ruc t ion  at sa ’ a b t a ’t ’ a ’d locations i i ,  the ott thtt ’ —j ob

environment (not an a school setting l

• ‘t’ec hnology —b ased work pet’fornuunce t r a in ing  (not la t a aaa’ i i t t a ’uisi ‘ ‘

tutoringl .

In addition. (1w’ Alt’ Forc e has been able to test  a new solution to a pe i’sistent t ra in ing  probleni

th t ’ acut e shortage of experienced techn icians to a ’ a a iaa l i tt ’t t ra an ing  at  the ii t a t ’k si Ia ’. It has per—

nO tt ed Lincoln I .aba r atory to complete imp lenia ’ntnt ion ot’ t iia’ 1 I ’S ta~ ~aa’o~’ialiuig aut h oring
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pu ’ot ’e’durt ’s in it cu ’ it ia ’a1 app ttt ’at touis area. t” t n a t l ,  . the proj ect 115 5 served as a t e st  bed for the
prototvpa’ hard a are for (lit’ Luicotn ‘I’t’rmtnal S~ stem developed by the I .S. lturesu of Min i ’s.

L I. (‘ t IE  PROJECT

A. ~c t l v a t i e s

(‘he projt ’ct
7 4 0  a as a’a rried out In three phas ’s

l’hase’ I :  ~aIa r ch  t ’ 9 7 ’  - Octobe r 197o. I ’ht ’ f irs t  version of the authoring
procedures was  prepared. Tao LTS-S uni ts  were constructed for tests
01 lessons.

t’iiast’ .~~. October 19Th - August 1977.  ‘l’he authoring procedures were
used by t e ’a’h nia’aI serg eants , and the lessons produced wer e tested on
novice te ’chn a ’aa ns on a l imited to ’ale; th e’ authoring pro ce’dures t 1 . 1

a ’a ’e revised on the bas is of resu lts. Management proce dur es 9’ t for
use at  (ti e ’ un it lt ’va ’l to dire ct the lesson—develo pment efforts were pre—

~SIN ~d. P lan s a c re ’ develop ed for a ful l- scale operational test and evalu-
ation of the ’ authoring and instructional detii ’ e’rv systems in 1”Y 78.

Pha se’ t : September 4977  -
~ September 197$.  Thirt y lessons on the

-~ N ‘l’R(’ -~~7A radio set wer e prep ared by Air For ce technica l pe r-
sonnel its finish ed ma t e ’r j als . The lessons were conyert t ’d to mic ro-
fiche ti % L incoln  pcrs innel. l)ata on the authoring effort acre gathered
fi at ’ all lesson s and anal yzed.  Assistanca’ aas given to the Command to
e s ta b l i sh  an eva luat ion of the cost and effectiveness of the tra ining by
an independent research organization. Preliminar y results of the
training acre ’ ana ly zed , and the implications of the findings are re-
viewed bcloa

It . I ’a rti a ’ipan t s

‘l’he major pa rt ia ’ipa nt s a c re  L incoln Laboratory -- who provided technical ser vices, pro-
cedur es . and fat ’ i la t ie ’s  to support author ing and training - and the Tactical Communications
Area Command within the AFCS who provided the field environ ment and resources necessary
to test the new technology . l incoln parti cipation was funded largeLy within the ARPA Authori ng
S, stem budget , and the AFC S contr ibut ion wa s in the form of personnel and facilities. Additional
funds were obtained from the P R AM office of the Air Force Logistics Command. PRAM is a
special program to assist Ope rat ional Commands In the field testing of new technology for which
near-term cost benefits are apparent. The I’H A M money provided for more instructional units
and for the independent evaluation of the effort , upgrading the field trial to one representative
of a fUIi -~~a’ale I n i t ia l  operational test and eva luat ion. The iluman Resources Laborator y of the
Air For ce Systems Command assisted in establishing (ha’ evaluation study.

I ll. AU T IK ,)RI N c,  SY S’FEM EVAL UATION

A. Lesson Preparation

The area of application chosen for the test of (lie authorin g procedures was training on pe r-
formance of maintenance procedures on the AN/ ’FRC -~~7A radio set, a lar ge transmitter /rece ive r

_______________ - —~~ ‘- - ‘-~~~~~ ~
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loa ’ ta t t ’~l in .a mobile ’ a o l a a a i i t a u a i t -at io uas  i - au . L ’ h t r t i  L a ’a~~a a a t s  S a t e ’  pt’cpare ’d by ~a i a ’ u u a a ’ ua and tea ’ i a —

a t a t al sa ’i’ ge ’a u a t s  on (lie top it  a l is t e d  ii i  l’ a t a l e I , L i i i ’ Ia ’ ,a~ I c eua t c ’a’  t~~a’ the ~a t u t i a o u ’ tuag  a ’t ’foa ’t ~ as the’

~t hi  a t ’~~p u~~~a a u t t t ’ ~a t  t ’o a u t n h t a a t i a a t i t a u i s  t~rtaaa p b a ith in  L’ a a - t i a a l  l, ’o i a i t t n a j i i t i i t i t a a t s  Are ’s t a t  the ’ A l - CS .

at  h~ a a ( a t a t s  “i i i ’  l a ’~’a a ’ base ’ . t,;eoa’gia.

‘I ’he ’ pu’ tu ta ’ u po t u t i le’ ~teuadt ’at t l . a a’ ta hI a ’ a i tle’at Ii (ied as o I Iii  te ’ i’e ’ St cc lit t i l t ’ to t h e ’ sit (ho d u g  p i’a’ —
cc’ as i i i ’ I t ’

• \u i l a a a t  p r a n c i ~vil ~~~~~~~~~ in ip Le ’n t a ’t t t i n g  a

• t ’ rcp ,a a ’ , t t i t a u u  Se’quence ’ f i i ’~~t — v s  — s e a ’ou ta l  a~ ( tou ’t  t a t  an

• I esa t aut  l’ t pa ’ t a sk — w i t h -a ’x pl~i a t : a t to t i  vs p u r e’ pr tu ’ed taa’ e ’ .

TABLE I

LISSONS PRE PARI P FOR THE AN IRC- ’?7.A RADIO SIT

Category Ti t le

I. P,rfønnance Checks 1 . Shelte r and Equipment Turn—On
2 . Norniol and Emergency Tuan— Off
3. Power Amplifier Turn—On
4. Power Aniplifler Turn—Off
5 . Multi plexer Loop Performance Check
ta . Synthesizei Frequency and Power Check
7, I lc i tCa Performance Check
8 . RF Loop Performance Check

_ J~
_ 9, Rece ive u (FM) Quieting Performance Check

2 . Adj ustments and Ali gnments 1 . Multiplexer Voltage Regulator
and Master Oscillatot AIignm.nt

2. A7 Test Set Operation and Ali gnment
3. Multi plexer Transmit Path Aflgnm.nt
4. Multiplexer Receive Path Al ignment
5. Multiplexer Alarm Alignment
6. Multiplexer Ring Window Alignment
7. Modulator Al ignment
8. Threshold Extender Ad j ustment
O• Signa l Comparator Ali gnment

10, Radio Net Gain Adjustment
Ii. RF Power Monitor Meter Calibration
12. Pow.. Amplifier Low Power Alarm

and A24 Monitor Alignment
13. Teletyp. Adjustment
14. A21 Power Supp l y Alignment

3. Misc.llan.ous None a

4. Operations J 1. Operation of the Pocket Transit
2. Remote Alarm Monitor (BZ-109)
3. Jamming and 1CM
4 . Operation of th. Control Monitor
5. Operat Ion of Tes t Equipm.nt
~a , Site Installation
7 , Van Orientation

___________  
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TABLE Il

CONDITIONS OF AUTHORING AND MEASURE S OF PERFORMANCE
IN THE PRODUCTION OF 3t) LESSONS FOR TH E AN. TRC-97A RADIO SIT

- Measu res

Mcn-Houa~ of L fta. t

a t k t t Station ~~pe 
~ 

Aw 0. ~~~~:aj 
Toaol F s ~•s~~~pea- Frarne

3 45~~ 282 8~~~~~ ?9O~~~~~ 7 0 4 ~~
L I  B - 1 - ~4 41 1 144 234 ‘ 378 3 10.2

48 1w
4 , 4 2 ~i2 Ca ’? 220 40 260 23 11 .3
4 , b  ~ 3 50 90 l’ a 105 ~ 4 • 4

4 . 1 D 1 2nd a4 i~ 3’?~a  450 38 11 .8
2 3  2 I l ~a 20’?  210 52 4 0
2 8  - 3 -

~ 10 48 - 0 48 12 4 .0
4 5  - 4 RX) 10 86 - t~ 86 17 5 , 1

- t -~ ___ ___ _____

2 1  1 1 2nd 42 144 3~’0  1~a~ 500 30 16. 7
2 .2 2 - 98 438 2 464 53 8,8

• a $ t ‘4 
F I Sal ’ ‘~s l 1~’ 440 10 450 35 12. 9

• , -~~ — — ‘  — t2 .6 - 1 ANG 75 133 200 80 j- 280 22 12 7

2 13 j N I 2nd 84 40 228 235 82 2 . 9
2 Q2 15 80 7 87 27 3.2

4 - -— --
*

--
~~~~

- - -_ - -  -~~~~± ~~- - - -— i---—- —~~~~~~ _ _ _ _ _

l~~s .1 1 ANG ‘5 53 J 104 24 128 23 5 .6
- I 2 8’ 1 1 2  2’2 368 640 31 20.6

_ _ _ _ _  _ _ _ _  _ _ _ _  - - — - - --~ — - - -
2. lCt 1 - ath  ô ’? 34 175 75 - 250 30 8,3
1 . 8  2 96 2’? 86 80 ~ 166 29 5.7

1 1 ITCA 5~ ~35 1~ 0 50 1 200 34
a , ’ ~a9 22 58 1 286 344 26 13 ,2

1 .’? M 1 ANG 81 181 320 L 400 720 43 16.7

4 .2 N 1 5th 64 5’ 48 2’? 77 28 2.8

~1i —
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A L.son titl, listed hi cod, number a Table I.

‘2nd ’ ‘3rd ” and ‘5th d.si9nat. Combat Cotitmunications Gaoups; ‘ANG’ • on Air
Nati~nai C.aaiaal i a i i t ~ ~nd TCA Tactical Communications Area headquarters ,
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‘I ’a’o nut ’asu re’s of lesson — pi’odue ( I o t a  e L I u ~ - I, ’ I a i ~~ l ie cc’ u’ e’u ’orde’ ti nu tu t—h our s  of effort Cor e ’ac h a

le’ssott , said c . a l e ’a i t lat ’  d i e t s  b c t w a ’e ’ua s t a u ’ (  ~a u a ~l I t a t a s h t ,  ‘l’he f i r s t  is a measur e’ of cost.  attd (he

~econe1 an iau di ca t iott of th e’ re ’apouas aVa ’ u t e ’ aa ta t  ( l i t ’ aut hio r tuig s~ s te in  to u iew training de ’m aauds.
I’ . a h a l a ’ I L a laos s the’ data  for (lie ’ 10 Ii ’ satan a . t a t  ha c Iha u ’aa (a  u ’t: ea t  I t ’, the’ Author. L’ re ’pa u’stu oti

Sequence , anal I ~~~ sseaui I’~ pa’ vs r iab le’s. l’o cirCuit ’  t h e ’ 1 t a se t ta  I v  pa ’ . e’ai ’ hi of the’ fr a na r s was
exan iuned t ea t ’  a’on t e’au t in (e d i ts  cat  “ t a s k ”  said “ a ’x t a I a I a . i t t a t ’\  “ i n t f i a i ’ a i a s t i o a a  ca t e gor i c ’s as defined art
the’ au h ot ’iu ag pro t’rdu r ’ s. l ’bae nie ’a sur e a s h ie ’ i’ ,a t iii 01 ( ta r  nt t an ube ’a ’  of f a ’ a a t a e ’ a t h a t  coa at a i n t . i  ~~
i n t a a t ’ n a . t t u t a u a  l ii  ( t i e ’ s i a m  cat’ t ho s e ’  (list c e t u a t a i t a  t , a sk  in format ion  ~u t d t h a ~~se’ (list contain e’xp L a n a to n’v
i u t t O t ’ I l L I t i i a I a .  ‘L’hus. a le ’ s s t a u a  a t i l t  p ia t ’ a ’I t  pt’ raa a ’ c t a u ’ a l  t ’o t i t e ’u t t  ( t ~ask  i n s t r uct i o n a l  is tOO Percent
on the st a le ’ , and One’ that  us  pa a ’e ’I~ a ’x t a ~~a a a . a t c a u ’ v  t t o u a c a ’ p t s . Laa (s , a ’ti ’. I as 0 peru ’e’at ( .  ‘Flit ’ d i s —
t r ibut io t i  t a t  Ic t souas  t a t  1 e ’Sat i t l  L~ pe is ~~~~ ri i tt  l ug.  I .  l’iaa ’ dat um at (lie le ’t ’t . for (lie It ’ S s O t I

Van ~u ’ u a ’uat  .t ion, is ~u ul  i l —pc ’ u’ce ’r it  p rot ’cd ucal  and t h e ’ r e t t i r e ’ a a not a va l id  example of a pa’odui’(

a of au thor ing  pa ’ot ’edure s a htat ’ii ii a ’t ’ ( ’ dc s igh t ’ spec i i i  c a l  l~ fo r l.a i.k — o r i e n t e ’d ins t ruct ion.  Othe ’r—
a-u se ’ . the’ les stilts at’ t’ h ighly  prot a’at u cal . ta ’ia of t hem a I ’ a ’ as lo~ as  ~O pet’cent on the sc’a Le’. ‘l’his
u s coulsa  ste ’nt w it h  the’ Obj ei ’tj Vt ’ sta ted  cut  (he I a ’ssoua  Sp a t  i t u t ’a t i c ’u t  a l a  every case ’, to t ar ’ e .Paa ’e’ ( lie ’
ItO vi~ e ’ t o  pci’fo i’m a mac t i t e ’atar t t ’a ’ procedure’ ~it ’t ’iaa’ .a t e ’Iv ana l a a t e ’l~ . As a conseque’nce. re’late’d
facts , conce pts . precautions e’tc , ii a ’ i’, ’ L i a t i i t e ’ ct t a t  acop~’ .cnal  we’re’ usual ly  associate’d w iUt siutg le
steps .111th riot w i t h  iv hole ’ pa i’t a or the ’ c’t t tir e pt’ot ’e’thu a’ e’. t \ h t a a  Ii of the cone’v ’ptual tn . t t e ’t’ ial the’
S~ St e ’uii block ~ii ,e gu ’anc . a’quipme ’nt l.i~ out .  . iuad i’i rcuit  a u s a  cou’ a ’re ’tI it t  prior , f o rmal  anal  u’uc ’ t iout .  I

T I _

lOt ’
L I  SS~’N I ‘a t ’ I  t r , ’~~,n’ pa~aC p . o r e d i r C 1

Fig. I .  L” re’qu e’ne’v d is t r ibut ion of I e’s5o ui L’ pa ’ me’aaure’ for t O le’sso ns.

The me’asure ’s of performance ’ .tt’ a’ altos n for each lt ’ss~ u i In Table It . These Include the
number of frames , the calendar t l avs  to i’omp le’te a lesson, and the man—hours  expended by the
principa l author and the support personnel for each lesson. ‘Fimt ’-pe’r—franue . the’ total man-

j hours divided by the’ number of frames . ua,as  calculated fo u’ eai ’it lesson , a measure tha t is in-
tended to take out the e ffect of the’ a4 i ?e ’ of a lesson as a detet’mimunt . A summary cat’ these data
shows that,  on the average . .~$8 man- hours spu ’ e’ad over 7’~ i’alenda r days is required to produce
a lesson ,

An analysis oh’ variance’ was done ciat the ’ time’ -pet’ - f rame’ data for the eleven authors who
completed at least two lessons. ‘Fhe e’t ’f ’ t ts of (lie ’ Auth ci t’ itnel the Preparation Sequence van — $

able’s were tested against the ’ re’slduat t i t i ( c t ’ ; a c t i o l i l  variance . .and neither was statistically sig-
nificant.  Also, a plot of th e’ t lm e—p e ’r—fa ’auiua ’ . tg.u i r t st  the’ Type’ nue ’asure ’ (pei’cent procedure )

reveatit’d no apparent relation . ‘Fhus , none’ of the three ’ t l i a l o r  u ’ari able ’a considered had a de’—

tee’table impact on the eff iciency of lesson protlu e’tion.

a

—a ‘—~~‘—‘ -‘—- ——~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~ ~— .~~~ ___ _ ___ .‘,_~~~.i___ - ‘—- - - — ‘--- - -  — 
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1’ha ’ . t a ~~t t ’ a i a u t a ~’i , t a t  th e’ 1 u i a 1 e ’ l aa ’t ’ — t l ’~a a t a a  to r th a ’ .‘ ‘~ t , t a k  Ia ’ a a t , a t a  a s  shiti ~~ti i t t  V~g. .~~. Fl at ’ v. a ra
.tt io ri a s lai’ge ’ ii  t ’ sa a ga ’a t a ’ a ’ a t a  to .~ I b a r ’  pt ’a’ I r . i t t a ’ f lue ’ ‘,- . a u ’ i . a ( i c a r i  a s  at a ga ’ a ’ . a t  t b a . a t  i t  wou ld  se ’a ’n l

l~ C rt i ce a l .a  a’I ‘. in a ~xia’ a r i t  to t a r i d e r ’a t s t i t l  (hi t ’ scauda a ’ a of d c ( f c c u t t v  i t t  pi’e’paet ’ucg (tic’ le ’~~aoits , Ilo w —

c v  t ’u’ . S — a ’t  a t ’a a ’l ple a t s  a t a , I S i a . a l %  ‘it s a t ’ . e ’ . a h a ’ d t a a t I ’~ c $ l t t ’ a a a i t ’ i t S t e’t I t  e t t e ’ a t  10 e’t I t  le ’ssiatas pro —
dt at ’ a ’ t h ~ea a, ’ t - a a a t ~ l , ‘ l t t ’a ’ t  ‘. I ’ , .eat  tu i th i i ’ t~t a a . a 1  k id ~~ a e’~~p I. a a a a t t a r ’ t  i r i f o a ’ i t t . a t t c a a a  (h ia t t  ( b e a st ’ pa’ aat k~~e’ah

f i r s t ,  t’ a ’ a h i a ) a s a ’ t t a , ’ r ‘a i t ’ i . a l l a ’s t aci t  l ’ t a 0 i ’ a i t , t  t a v c t ’ s l a , a ~ I ca5  a t  ( t t t ’Sa ’ t h a I  ‘I e t a ’  s u c h  55 (lie ’ de ’gt’ a ’e ’

t ea wh ic h t a  k a a i r  u’ a t’u l l t  a pa ’c a (a ’  .1 ‘a O t t ’ t t ’ i  st ’t i  ~‘i’e P_ c i .at co lt t a c ’g.e t u .  Auuo ht’ u’ pos s i t ’aa t a t~ i s t h a t
txi (h t h e ’ k ’a a 1 ( t u l l e ’  . t t ~~t at u na b et ’ c a t 1 . 1111, 5 a’o sa ’ pa’e i t a e at ’t io a t , i t a ’l \  uv i t l a  a a a c r e ’~a s u a i g  d a f f a e ’t a l a ’ ,  a ri d .
t t t t ’ i ’ a ’ ~c ii ’ t ’ . ( t i e ’ a’ .a t a o  ( i r a t e  — pa ’t ’ — t r . a a l a , ’ re ’aa i . e i t a ea i  l. a t ’ c~a I t  t a a a . a  ( I c ’ a t a ’ a t .  I tt  . a a t ~ a ’’, a ’ t i ( ,  l i t t l e ’ c L i f l i t ’ O u t

ot (l ie ’ s t u a d ~ to a u g g t it I a t ’\i 10 tat t l e r a i t . a a a . a g a  t a r ’  o t t a a ’c’s l . a  a t i ~~’~~t ’\ a ’ (lit ’ e ’f f i c i e ’alc % of the ’ a u t h a c i a ’ i a a g

a ,

—a- -
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“a ‘~Aii a a,

I- t~~~. ~~. l: rt .a I u c a a a a a!a s t t ’ i t ’ t a t i e a t i  a ’t t i t 1 i t ’~~~pa ’ t ’  (l’ .a i t t a  t O t  ~~‘t t , a ~~k I a ’ i S a ’I t ’ i .

i t t , ’ ov t ’i ’,t l i  e’oaac ’lc a s a c ’ a r a  a s  t h a t  the ’ e’a a a t ’ u l a t ~ of ; t t I ’ i a ’~ ’t — ~i t , i t t , ’t’ ,‘~~~‘e’1’(5 pro~iue ’ttig t a sk

les sons  las —a i ’ee ’aa . a a n p l t  ,ie ’t n t ’a n S l i ’. l t a ’ ,l t t i l t I e’i’ t’ ,’.t l a s t  a~ f ie ld  t O t t a i t t l i a l t S  . .t l t he au gha the S0tt t ’ce ’S

ea f t l i f f i a i t l t ~ in ( h i t ’ . i i a t l a t ’ a t ’ i t t t ~ ‘i’ t ’a t ’sS ~ti ~i aio( t’ e ’Va ’, il  t l ie t a a a u ’ l v r s  ~ri the ’ a l . a t . a .  a.’af co iat’a e ’, t u a i , i l

~‘ctc1gi’tu. ’iut i t t U s t  ht’ t’ t ’ at ’ r~ c’ d unt il  it is ~ iuoa n ho~ a’~~~a ’ct ~ \ t ’ the ‘i~’s sons a pa ’. It is aaece ’saaa t’~ (0

d e t a ’ l a t t a n a  laos much  t r .i in i a ag  ‘ai i t  le ’sson suappot’t s i t t  oi’da ’ a’ to I ’a ’ .i ble ’ to c _cl~ uLcit ’ the’ usu~ t
l t t a i c ’\ of (l ie ’ ~ost of ~a t’ c a~I t a c t a a g  .i L e ’ssem . (t ie ’ ruun tbe ’t’ of h ours ot’ .aut t a o a ’uaa g  lx’u ’ h t c ’iti ’ of ins (rue ’t ion
chrlii ’rt’ ’d. An .caaaLu  Sas  ot the ’ .~ ‘I pr .ae’e’elu cal l a ’ asoal s sh ow e’d t h a . t (  (l i t ’ da ’ Li I ’e’ ,e [a oiat 40 s teps  iii

(t ie’ i s -aL  Pt’ r lesson on the .av e’ c’ aga ’ . t’h~’ (asks  t ’S~~’a ’a ’ i . t l l~ the ft rs t t r u e ’ (tie .i a’a ’ done’ Pt ’ —

qui ra’ t c a t t  s i d e  t ’ataI a ’ t ime’ to pa’ a’ fo t’rii. As .t result ,  the’ I~’ aiso ut s stat ap o a’t f, a a’ l itore bout’s of iii —

st rue ’t ion than n i ight  be’ t ’x pt ’c t~’d tin (lit ’ basis ca t  1a i’ a ’\ ao ci s app l ic ’ .it  la i n  S Of c’oiiipttt e ’i’ —ta .i ~ a ’d ta t  —

st ructiea n (vi fo t ’tnal tea.’ hn iet t l  schitatulfu ig .

13. Fa~~Id i’a~st ca t  (bi t ’ 1 t ’S a t it t s

A f i e ’ld t e s t  ca t  t i l e ’ 4 0 i a ’saot as a s  ta c ’i aag  c’ca uci t a c ’ted at  the’ ‘tli ; i’ t~f t h e ’ A l t ’S .i t  Reabins A i r
Foi’c’e U. a aa ’ . l. a ’ t a l ’ i~ i. t .  I b i s  us  p .aa ’t of .i 1.it’g a ’a’ s t i t a l t  to .issa ’sS ( t i e ’ a t ’St  — t ’ t t t ’a ’( i v e t a a ’sa of t h u s

ui e’w ta ’~ t inology .t a .a u i ie ’at t i s  of mode ’ t ’t a t :  tug tr acuitaig w i t h i n  (his u a u t u t ~~i’~- ot ’ga nu .ilioai . l’he’ ma —

ta’t ’i~ils pre’pa t’t’d a t a t u g  (lie’ A H I’A Ae a t h io i ’ ang  Sva a ~‘u ~t a t’ t ’ de ’ l ive’ red e ali  the ’ I L’S — 
~~. I ’h ie ’ pe’rf ot’ —

matt e ’ e’ a i l l  be’ a ’ c a a a a  pa u’ t ’d a i (hi t ha ,a  t t a f .i e’onu’ e’tltie a aa .t ( lv (a ’ .t a l a ’ .3 g l o a t  p ea a ia ’ — oat — Oti a ’ t a t  a t rut ’ tion b~
expert (e’ e’hnia ’ i s t a s  — at  the’ 1 i’d &‘ i.’& p .  A t a  indt ’pe ’ui d e ’aa t  re ’Se ’.e u’c t a ~‘oiiapaau St ’ie ’uin f i t ’ .App lit’a —

(ions , l u te ’ . , h as tn ’e’n t ’ug~ege ’ct ta~ \ l’ ( ’S to e ’v~ l i t , e t a ’ I t’ ,t t t \ i a t ~ it  a” . tc  ii s il t ’ , S i t t~’ a ’ the a , i l \ l t u t i  of
the’ e’omputet’ —ia .t se’a l t t ’ t ’ a t u i i t ~~I to de’I ive ’~ c l a t . e l i I %  i n s t r uct i o n  h a s  be’i’ai a ’a t .at ’l a s h e ’d.’ 

- ‘ ( hit ’ a’~~flipa i’—

ison c at ’ pre — , i a i t t  post —te’s t  sa ’ cat’ e ’ a for’  (lie’ I 0 t e ’ I t a’s a aae ’a ’s of t h e ’ e ’~~peu’  i i t ’ a ’i t t .a I gre ai a~’ .1 the’
st ht 4. ’t ’t ; p a-ill  con st it u te ’ la t ’ge ’l~ .a ‘,~~l i d . i t u a a a t  ~ f (lie l a ’ S 5 , a t ’ S  t i t , ’ t l l S a ’ I ’ ,  t a  . . e a i a t  t l i , ’ a ’ ,’(e a i’ e’ the ’ . a t a

thoning SV S( ’ t t i .  t h a t ’ indepe ’nde ’r it s(ud ~- r ’ e’s a a lt  ‘: ii t l L  tie’ t’e’por(e ’d in the annum , ’ u’ of ( a t  ;‘i b~ Sri —

e’ru t i  Cia .’ .\ p I’ I i c a ( i e ’aas . l at e ’.
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Meanwhile , another kind of data , the’ re’a.’ords t t t ~~cle ’ Ot t d i g i t a l  c . a s s a ’ t t e ’  td ~~t ot t (tie ’ I . 1 5 — a

un i t s  dur ing (rain ing,  const i tu te  a soutt’ ca ’ ci t  Ic ssoru ‘,‘,t l ic la t t io t i . s u l l a t tI u i t t vi ’ as a c i t  .a a fu t ’ tu a s t  a l a ’

r i ’stua(ion. Consider two c’harav’ e’t ’ts (iv ’s of ( h at ’ I _ a s k  — e i t ’ i t ’ l i t a ’ t t i S ( l c a a t iol i  pr ovide ’a I itt ( h i t s  c a s t ’ .

i” i r at ,  conditions in the l ea rn ing  at tu. a (ion .a re ’ ‘at’ t’ ’a muc ’t t (baa asaai e ’  as t h a c a ’ a a ’ e ’nt ’oun t t’ re ’cI in (lie ’
shop and field. Second , (he t ra ine ’e c- dli uto t c - van ip le ’(e ’ t h e ’ it ’s sca t a a i (b ioi a ( pa.’ r t c a u ’ r u a i r a g  ( ha , ’ s sk a

c or r c e ’(l , because chee’ks a t cact i Stage ’ of tas k pa’ r’ fo t ’ ta a a r i t e’ a t’ a ’ Sn t r u t e g  t’ai  pat rt ca t  e’sc hi t , e sk

It ’ asc an .  Therefore , the fs~ t (bust .c It ’s Sta rt  ia , a 5 been a.’ c ’i t t ~ ’it ’ t a ’ .1 aba c i t a g  U’s i n a uag  a s  ~‘t cong t i  a a i t ’ta c ’t ’
tha t the trainee w i t ’  be’ able ’ to pet’iocna tha t ’ t a sk  und e ’i’ a var’ k c’or t d a t i e a n s . .c nd by ~t a ’ f i t u i ( i o t a  (bat ’
t r .a in i r sg  is valid. (This prediction us b.aai c’cl on (bit ’ c asua l  a t a c t i r a g  an pa i t  hioi t te ’( t ’tc ’ a t hi . a t  s a car k

samp le test is a reliable predi e ’to r of a ou ’k pe’t ’ t u r ! aa . c aa c t ’. I
Data (or t 3 a hr of t r ainiu ig have’ brett  c at a ( a  we’d. I’ oia t’ t r j s a a t ’e’s , l’c ’ct ’t a t  a ’ le ’a ’ t r eflat ~ a g a’ .a a t t a . i  I t ’ S

of (lie Keesler School for A pp lied Ae’a’e a s p a c e ’  Sc’ i a ’aac  a ’s . i a . i ’ ,e ’ a ’sc ’ hi t sk e ’aa (b it ’ t a t ’  ~ t I 7 I a ’ S S t ’ t l S ,  lb —

a , t a a 5 e’ the more—complex pro v’e’dut’es tit ’e’d re’ht’a i ’s.al , sc’va ’ rat  of the ’ b a  su n s  w e ’ a ’ t t .a k , ’ t t  t a i c e ’.

Flue initial results indicate that it takes 5i ’cau t  ~ h r  i t’  c ’c a l a a p lt ’t t ’ a t . a a k  l e s s on  on (tie f i r s t  ir ’
and half tha t time on the second, (‘he ,c. e i’s ge Unie’—p e ’ t’ — t  p .c ant ’ a s  tin (hi t ’ optic a’ tiC 6 nun .  a a’a” —

t”Iection of the task—oriented na ture  of (hr la ’ s s ta , t s .  t t i ca (b ie ’  I’ c a ’aaaa ’e lt t e ’au cr is (hiat t . clt ’sp u t . ’ t h a t ’
large amounts of t inue spent pro duciaug at f r aa iue ’. the’ casa . a a l  t a i a ’ .i s a : r ’ a ’ if t ’ t t a a i e ’ta c~ . t h t ’ a a a : :ue’t ’ a.’t

hours of authoring required to support I h r  of t t ’ .et n i aag  ~ a n t I ’. .a h ’c ’u t 7 .~ hu t ’ pa.’ a’ hour , low- in

comparison to other c i rcumstances .
These initial results suggest f a. ’. i s a l ’ a i u t ’ ,  . i ’e at do t a i l  in t t t t - a i t s e ’lv , ’s pa ’c’av t’ b i at t ask  ( r a in i t ag

in this manner is co st—effect iv e’ in on — t h e — bib a ’t a v t r o r i n a a ’ t a t a ,  la t  ( i t t  t e x t  st ’c (i ofl . .c co st analv  —

sis is app lied to the case of the Combat (‘omtu tu l l ia c ~a t i c ’ a t a  ( .r ottl’s.

C. Cost Analysis

F The use of technical aids to work  —pe r formance’ ta’s i t a t t a g  in tht ’ o n — t h e -t o t a e’nvi ron me’nt is a

new area of application of au t o m a t e d  ins t ruct ion,  [‘he conditions .1 Pd ’ u’er diff e ’ i’ent from those

in sv ’hool envi ronments. ‘l’hus, an analysis for the Combat ( ‘o r ui n uua u u i c ’at io t as  ( roups as presented

here (ha t may generalize to other on — t h e — j o b  cnvironn ie’r ats .  II as base’d on the ac ’t taal  cost in-

curred in the project , on p re l iminary  results  of hu e fie ’Ld t r ia l . atui d oat es t imates  of operational

costs for a S—year period. ‘[‘he project budge ’t is seamni. i l ’i? ed in L’ahle Ill in te rms of one—t in t e ’
and continuing expenditures. These’ serve’ as the pr imary soui’ a.’e’ of data in the’ cost att al ysis.

Consider first the cost of delivery of instruction. t\’liu ’e’rv units are amortized ove’r a
10-year period. The Air Force current ly  has five n tac ’hine’s and af the y are employed ovc’a’
10 years in 75 percent of single-shift  t raining,  the to t a l  c’apacit for t ra ining as 7” .OOO hr. ‘l’he’

cost of five units , at an inflated price that  reflects the’ hi gh cost of production it t an Rtd ’t en-

vi ronment, Is shown In Table III as $.!.~0 ,000 , at ’ $44 , 000 pe’r un i t .  Other e’xpense’s include

$50, 000 for unit nuaintenar tce ($1000 per unit per year) .  and $110 , 000 t’or training supervision

( t O  percent of total training tIm e , 7500 hr . at Si S ‘hr ) ,  [‘ha’ total t$  180 . 000) . over 76 .000 hr

of training, implies approximately $5/hr as the cost of ins(ruv ’tiou’a al delivery .

The other major cost is lesson development. The lessons ar t ’ amortized over S ~‘ears,

Almost all the cost is in labor . 8600 hr for initial ver siou’a s of the ’ lessons and an additional

50 percent or 4300 hr for lessor’a maintenance. Much of the’ ga’ap hu i c ’a ar ts  preparation was done

by Air Force personnel and is Included as labor; the c’o~ t ot’ supplies. tra ivel.  e’t c ’ . ,  was u ’crv

small in comparison and has been neglected. ‘Flit’ total,  t , !~ iO0 hi’ , ~ t $1 S hr amounts to

-- — -~~ 
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TABLE Ill

SUMMARY OF PROJECT COSTS
(S 1000’s)

Cost of System Development:

Author Facilities 30

Authoring Procedures 180

Research 130

Total 340

Cost of Preparation and Delivery:

Delivery Units 220

Lesson Preparation 190

Total 410

$190,000. There are 37 , 500 hr of training capacity available in 5 years ,  with 5 machines op-
erated 75 percent of a single shift , and therefore the cost of instruction attributable to lesson
preparation is about $5/ hr .

Based on an exact calculation , the total cost per hou r is $10.26 . This is 32 percent less
than the $f 5/hr assumed t’or the cost of an expert who might serve as a trainer or as an author.
An investigation has been conducted of the sensitivity of the cost of instruction to the major
parameters that mig ht change (tue to circumstance. Consider three cases. (1) If the cost of
production copies of LTS-S’s is one-third that of the Laboratory-built units , the effect on cost
per hour is a decline of 20 percent. (2)  Doubling the training capacity from 313 to 626 over
5 years would reduce the cost per hou r by 25 percent , because lesson materials make up half
the cost and they would be amortized over twice the population. (3)  Were the lessons to sup-

port 80 instead of 120 hr of training, the cost would rise to about $1 3/hr. The conclusion dra wn

from these investigations is that no one variable dominates , and that there are savings in the

cost of instruction over a wide range of conditions.
Another potential benefit overshadows the improvement in the efficiency of training that

machine-aided Instruction permits. It relates to the timeliness of instruction. A matter of
paramount interest to the unit commander is the months on duty the average trainee spends
before being fully qualified to maintain equipment. Currently, trainees in the Combat Com-
municatlon s Groups remain 6 months or more in a training status before they become fully
qualified. On the basis of the initial results with LTS-5 training — the best data available — It
is estimated that the total requirement is 160 hr of instruction. Spread over 6 months, this
amounts to 6 hr on duty for each hour of training. The rate for LTS-5 instruction has been
abou t 3 hr of training per man per day or 2,7 hr on duty per hour of training. Given that 120 of
the 160 training hours can be met on the LTS units, the total saving of time to reach qualification
is 400 hr . 40-percent less than usual. Thi8 benefi t derives from the fact that live trainers are
often not available due to the press of other duties , but LTS units are,
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I) , Other )“ineh tu ugs

In nsaauy respee’t su the’ effu a’t ci’ 15 u ’t e ’ el he’ cc i t-a .a un tqut ~ t ine ’, the ’ aap l ul t e ’at ioas of te ’ a ’ h t n t e c l c a g ’. to

huett id s —ou t t ra in t aug  tnt the’ wot ’k e ’ui vi a ’e u u uisue ’uu t .  ‘l’hue ’ oppei t ’t itn it i’ tea a ’otuipa i.e. t ’ousvt ’as( ieuiiael t ahoe ’  —

aa a t e uu s iv e ’  anal uu ua e ’h inu e’ “ha~ eeI nt u eth oela nan ch e ’ Mot ile’ I ase t a ’s  a.’ Ie’a t’e ’a ’ , said these ’ (‘e’[ua’e’Mt ’ii t a a t ’ a ’ a a . a a e- a ’ ‘a

i t t  uuaelerstaauding the iuattuu’e’ of (a ’aaiaa t u a g i t t  t h i s  a ai ’g he ’ a te ’cl a a i ’ e z t ,  ( ‘hit ’ ba ’oat cte ’i’ t t a i p l t a ’ a t t e a i a ~a s u e

rev iewed lucre .

It is t’easihle for e’xpe!u’t a in the’ i u u a t a na t ’nuauie e ’ a t ich the’ ca pt i’st i d e a s cat  ta ’ e ’ % i a u i c ’~~lt ‘a Mop h i t s i  ie ’ ait e’ ii

svste ’nus to pa’ e’pau rt’ l t ’ M M i a t i  t u u a a ( e ’ u ’ a a t l a  t h at  e’oa tu’.’ ~ (lie u’ e’~~pe’i’(t ’c ’ te a aa eav i a - a ’ ( t ’ a t ’ a a iu , i . t i t s .  t s p -

(U a ’u a ug the exper t i se  is aa c ’compli aha e ’d l iv a c hhta ’ L’ t ’ai c ’ e’ to at I.e i t’I~ ,at a’ .e a g h a t ( e a u ’ a  at u ’ a t  set c i t  a t t i t t i e a vuuug

tat’oc e’ cttit’rs , l( ekut ’s nest cle’pt’ne( elU as~ t~ tatnc’e’ (t .eitii re(uc’attea cuet .itcc ’ a t a i t % ~a t ’a 05’ pi’ca t a ’aate ’aisacl iuu e ’ ata a

e~ n’ n’ts. 11a’clinuina cv a’e’sul (~ in (I i i  a regal ccl c - , a a a t ’t(’ni (h eist ’ Cu ’ iani othi ’s’ applt ’at ( lnnas ,’ - “ a  a ua a a a t a ’l a

t hu a  I sophistication oh’ It’ ssoai tie’ sign is neat a ’s st ’uet t at I a’ heat t i’asiu iusug is alt ’1 i i i ’  i’e’aI I~\ at nstte ’taia at’ tha t I

a t a M e ’S a e’otnpt at t’u’ to assure thu it t r an cing ea ’ .’ e ’ur a . ta u ( h ut ’ pa’epa u’a i t i e iu i  ol’ ( ta sk  —ea a ’t e ’aik ’d a t i s t  i’iu c ’t iota ,

die’ st’quene’e of steps in (tie weai ’k pi’eac ’e’ attit ’ c’ pi’eiv ieh’s at h a s as a foi’ (lie ’ authot’ ha o l ’ga t t l i  a ’t’  (lit ’ le’~ —

soti said (ci distinguish ne’e’e t —t o  — kiic’a t’reau is n ic e — t ea —buuc a a  t ’~ 1a I sau .u toa ’a  u i i t t t e ’ a ’aaa l

‘I’he’ cost of Lesson eleve’topuae’nt Ccii’ e ’a ue ’ hi m aui ’ ea t  t a ’ s ati ata g is at f i t ’ ’tt ’d g u’ catl  a tu tIn’ su ‘a ’ ci

(hit’ population over which the’ iasvc’stuwut Is a t a l i e a u ’ t  Ia ’ t ’ al . t ’ e a~~t a cut pi’eaah a ’tiena e ’at~ lit’ e ’t a t a t  t’e’lla’ cl

by

• Avea t cling cua is t t t i i c t t t  i’a hi ? O a t , ‘a na he M (t ’ al pa’ti c ’c’ aba cc ’s as  I lie ’ I ‘at a t  a feat’ at ta t sk Ia’ a sem i

• u sing aau e’Xpe’i’t iai (hue’ siabje’a ’ I ma ct I e ’ a ’ le a scat  h a c a a’

• Simp lify ing the frau m e’ ehe ’sugti ~u it ta rt’ahat ’e ’ I te a g u’a tp hate ’ s cia atiuthto a’e’e’ot’eh iuig

anal c’omp uute ’ i’ pi’ogt’auns umu itag a’e’qui a’a’auicn u Is

• (‘ sing pt’oct’elut ’t’, tuo t i i’t t i n u a u ig .  to niat ainge ’ (hu e a t a tho a ’ i au g  pt ’oe’e’ ss

• Pa’eavidit sg fat e’ilt t it ’~ to c ’h i ~ e’k out lt’asc’ai pt ’eagt ’ actss logic ’

. Making rut ’(altu lt ’sse iuus a a’e’ I u ’ ta ’a l ouu Me’\’t ’ u ’s I Ii’s it i ( ’ ’aa t aa ’foi’e t’iuutt l

‘ornm i(met it .

‘t ’he general inupr essloas is (hat pl t tnun ’ a a nug and au i a tua t g em eaut  at a’c’ fia t’ — a u u e a a ’ e’ — iti ip ei a ’t ai aut i aa e ’ t e a u ’ a a t t i t ’a ’t -
lug the efficiency of Lesson proelue’t iesai thu acai t ’dtue ’ui t j eit i a t 1 c ’asauslele’a’at touts. at good u uia t a. ’hu te a t h e’ iuticat —

power r esotarce s available’ ta t oat — ( h it ’ — ,loh t ’tuvii’ on u n u eu s t a-u .
In the past, empha sis has been placed on two aue ’thcaels ca t tncpe’ ewiu u g  task pe’s’t’oi’mausc ’e . pvc ’.—

vision of more deta i le d  ~ tt et pa’ ( ’e ’i se , i t u s ta ’ i a c ’tie au u s  i au p ala  a t I a l ~ (a ’aua ieu uala . e’te ’. I . tend iasu pi ’a’a’a’ s’u ’aat ’nt

of the problem solvtuug skil ls  of (hut ’ te ’c ’huu u i c ’ia as. :\~ to (hue ’ f a u s t  n iethe set , te st’ e’eac tsp1t’~~ a’. a i e ’aiis

(lucre are so many conhtut g euue ’le’s (h i a t t  th ue ’ tt ’t ’lu aul e ’iat u fa ce t’s in (h it ’ e ’ caeu ’se ’ cat ~ac ’i ’feaa ’itauag a stauieltsret

unaintenance pu’oceelture ’ tbuat It is aunt ft ’at s thl e ’  tea a t aa t i e ’t pate ’ t tud pre avi ete ’ teat ’ thr ais t i l l;  pe’i’t’eai ’uiat s uae ’e’
ett’pencls on comprehenailoau of th~’ t u a ct aai ’ e’ cii that ’ ‘qt atp aiit ’ait a e a ua t  the ’ t a t  ak. \s to tawpu ’oviu ag u’easeaaa —

Ing skills , the j ourneymaut tce’tua u i c latu u onl y oe ’eaislont cLL y es re’elt iiu ’e’cl te’. fluid Cantli a asuud aoI ’a’c ’ ottuc ’r
pn’tablenis bs’ Inferential mt ’thuoels . ‘l’ u’tu i t u iug  is d(re ’~~te’d a s s s i a s l v  (ci I c ’ a u u’ a uuuig  the ’ eelutpu iaeu at cte ’s iguu .
oiie’u’attonal eloctt’Lnt ’ , sa fety ttua tte ’ t’~ . and a eac ’k s(e ’ps . tici i ca at’pas t a u t ’ ski l ls  but at a they apply
to exee’ta t lon of pro e’eehu t’e’M tea ate’ butt ’ ye’ aped ’ t t t e ’ a Ca e’L goat I ~u. Nsa au uasa iuuai  ct Iau’lnr e’otrtpouu e ’iat ak al t  a

tra sinitag iuor lntprove’d doe’u u uu e’u u (at leu a c can s t a ( a s t c ( c t t c ’ (‘cat ’ ( h a t  kin d tat  ‘iii, ’ - t au t  - can e ’ au u s lu ’u e ’tu e atu .
In (hue area of ta sk tr at t u ta ig feat’ e’ons ple~ eqialpuient t u a te t  ‘a’. at t e ’tut ’a , it  u s  cif l i t e ’  c’le’act’ tha t  the

tu sual “I SI t ” (I uus tr tu e ’tionat l Sv ste’ cui s I te ’vc ’lc ’apiiic ’uit I pu’cac ’Oaic uu’ t’a have’ h tuuuu te el aupplte ’at tae an a. l’he’

- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --‘



pa ’laua’ip lt’s ouu whle’h the pi’oce’dua’es t’est , ~ueii as thause ’ g i v olu  iii (lii ’ lus t  e ’t ’a, ’ u ’ v i a l’ Maiac ta tL .~ at a t ’

seatua sel but the nuet luoet s are auo ( appropriate ’. l ’hie ’u ’ t ’ (a aeii a ia u q e t al i t ’i.’ci u’ t’e’ta nu uaa t ’ t a e t ac  (b un  t e a a t t a a a  I s

(b aa’ work tasks- into e’ompoaue’uut skills anal te a el evt ’Ieip a t ’  pa t’ai. ’ I r at  I a u ia tg  (‘ear t ’a ce ’i a at t ’ a ’ a a .  l i ii  t i p —

jweaaa’hu by itselt’ Is inateleqi t a te ’ as pt’ e’p ;t u ’s t te St (ci ~ae’r fe su’ a ua e’otuip le’x t asks . wl ue iu ( l it ’ e u’a (cu test eiIe —

j eetiv e ’ is to have (hue trainee elenuoaus (u’ai(e’ (st eal i t ’ l o t t e  ~ t i e  t h at ’  tat  aI~ at se ’l f .

I’ . Stumnsaa ’y

[‘hue ’ ra’ sent ccc a t’e’qtal t’a’el to ar e’ pa cc’ a i tch  ‘t nu lue ’ I tea ’ l u iae t l  t a gs — hct ~vch P’ a’ feii’n t at aa oo ta ’s i t t  a na g in

on —the ’ —job enviroa tme nt s are:

• The’ AR PA Au(hou’ ing aunt Maiaagt’uu~ ’tut I’u’ca e ’e’ch ure’s

• Stubje’c’t— m at t t ’a’ Cxpe’u ’ts t ea P u’e ’t Mt i’ e’ t t t a t t , ’i’ i:a l a;

$ A snu a ll compittea’ sys(e’u u te l t ’ee ’eau’ e I a t c u a t a t a  a t a ael  l ea gic ’ a t u i th  t ea  at ui tu lv  ;e’

data

• Staauth —t alone ’ tt’ au I tulu ig cuni t  a
t 

• Ope’a’a(iouu ’i l c qt a lp tama ’nu ( tea  t a ’a ( au otu.
- 

f 
‘(‘hue p r e h i n u i n a r v  results of thu c ’ t t u i t i ; a l  ope ’ra-t t ioia atl te ’st an t I  t ’s’:a l a i a t i a e a a a  ‘at  t a pp i v h n g  ihi i ’ a e ’  i’’’scaa, ’ , - , ’ ’;
tnt (hu e Combat Conimttnieaut ieans  ( a ’ eala( a a In ~e I u e ’ ;t t e ’ ( h i a t t  a~t le ’aist ~ tl . 000 las ’ ea t hatg hul ~ q iu s i t  (i t’ d te ’ e ’la -
n it ’iatu time atatel t ~ ~. 000 hu t ’ of a’e’e’eau t l y qu :clifie’ et t ’ e’husul c i a as u  t i i i u e ’  e ’sn ba a ’ a ; t \ t ’a I  div ot ’ t h a t ’ a ut ’St

a a’s u’s. In at eicl itlotu to the ’ iaavt ’stment of acv acilacl ,lt ’ ce’aou a’ e’t ’ s, ta ut  sta l e ’ mat ’eac ’tu a’e’aau u ’u ut h and . ’ a t ’

eistlre ’d to re ’alipe’ th is bc,’aue’l’lt have ’ ta e’e’uu can the ou’t le ’a ’ eu ’ (0 Pe’a ’ e ’ a ’lu t eaf ( h u e ’ value ’ eat ’ ( h ue  j an ’ ea ie’ t ’ te ’~i

labor savings.
‘I’ht a means for tmp a’nvluug thur e’ff le’le’tue ’y of t at  ak t r a i a u i u ug  t ’a nu lie ’ re’plie ’a te’e l. ti t ich ta t  lat ’ltei’ e ’et

to have wlele’spre’ad app lication las the’ Au’m ’el t’eau’e ’e’s. Quaauti(y ps’tachac ’t(can tat ’ I . I ’S- “ iu iu t t a a *11

rt ’ett t e ’e’ that’ cash expeasetitiure a’t’qcalreel to le’s~ (hun t ‘a pe ’a ’d ’ent ef thua’ vatle te ’ a’e’tu u’uie’d.

I, 
-

‘ I
(11 

A
~~~~~ ~~~

- ‘ ‘
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

-- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~



~
‘ ‘  

~~~~~~~~~~~~~~~~~~~~~ ~~~~“ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
‘

t I

lIE I” ElI h’ NCES

I. R. C. Butma n. “The Lincoln Ternuinal  Svat ena ( 1, 1’S— ” ) “c IIr iet ’ I )escript ioua .”
Technical Note 4 9 7 7 - 1 3 . Lincoln Laboa ’atory , M.l. ’i’ . (28 l )e’c’enmb cr (977 ) ,
DDC AI) -A048692/ 8.

2. W. P. Harris ~~ ~j ,,, “Keesler Teat of Liuacoln ‘l’ cat ning Sy stcnu ( 1~’l’S)
Feasability ,” Proje ct Report 72-liz , Kec’sler School for A pplied At ’u’ospae’e’
Sciences, Keesler A 1’ll, Mississippi ( I t  .IuI y t ’~7.~).

3. “TraIning High Aptitude ’ Self— Paced Students oau (hue Line ’olnu Training System
(LTS).” Project Report 72- 118 , Kccslei ’ School for App lied Aerospace’ Se’ie ’aie ’e’s ,
Keesler AFB , MississippI ( 12 November 4 9 7 2 ) .

4. F. C, Frick , “The Lincoln Te?rminal Svste’nu (I ~‘I’S) ,” ,1. Eeluc , ‘I’e’e’htaol, Ss’st. ~~,

87-98 (1973), DIX AI ) -77 839 ’a /4 .
5, W, P, Harris anti H. K . Rod gers , “L incolau Laborator y 1.1’S- I S ‘rr ainlng Syst e’ a au

Application to Teaching Esse’ntial Mining Skills ,” ‘l’ee’buuic :cI Report 515 , Line’oluu
Laboratory , M.I.T. ( 4 5  July 1975), 1)1)1, ’ P13—25 (77 0/ 4 .

6. R. C. Butman and J. U. Kur tie , Professional ‘I’ r aiaui ng wi th  that ’ Li’S,” Ia ’inual
Report to the National Science l”ouneiation . I,lncoln Laboratory .  M.I. ’1’.
(30 June 1976).

7. Semiann ual Technical Summar y Report on the’ A R I t m A  Authuor in g Sy stena ,
L incoln Laboratory, M.1. ’l’. ( i t  .Iulv ( Q 7 ’ ) ,  h ) I )C A I ) - A 0 1 2 1 4 1/ 0 .

8, Ibid. (3 1 Ma rch 1977 ) ,  L )I )( ’ ,‘\ I ) - A0 447 9 4 ,
9. ~~~~ (30 September 1977) ,  1) 1K ’ A I ) — A 0 5 2 4 6 4 / ’ a ,

10. 
~~~~ (31 March 1978),  DUC AD-A 05 988 4 .

11.  W. P. Harris , “An Authoring System for Oa t -the-Job K a uviro nnu et u ts ,” Chapter 3
In Issues In Instructional Systems_I)cvelopim’nt , I I .  I” . ( ‘)‘ Nt ”il , J r . ,  Ed . (Acade mic
Press , New York ) (In press) ,

42 .  “Au thor ’s Manual for Specificatiou t an d Pre ’paa’action of ‘l’ask I ,ea soaus . ” I , in ae ’oln
Laboratory. M.I.T. ( In preparation) .

13. Interservlce Procedures for Instructional Systems I )e’velopnuent. T H A I X X ’
Pamphlet 350-30 . U.S. Army (4 August ( 9 7 5 ) .

a.’

11

_ _ _ _  -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - , ~~~~~~~~~~~~~~~~~~



‘1

UNC LA SSI 1:1 ED
SECURITY CLASSIF ICATION OF THIS PAGE (WA.~ fl~gj ~ eeu..d)

READ INSTRUCTIONS
- REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

________ 2. GOVT ACCESSION NO, 3, R E C a P a E N T ’ S  C A T A L O G  NUMB ER

~ 
ESI ) I’R—78—295

4. tl~ L E p a t~d ~~~~gi~ i _______ S ‘T!,fL E.-IE2G~ - I PUItOD CO SilO

/“:2 r’ ,“ ,“ ~ 
Scauul aI , inuuaI ,~/ eclaittcauI ~unaau n .u r 1’

(j A R P A At ath ortn~~s stL’nu .~ . ,~ c ~ (~ 
1 AIat’~ -31 Si’j ±~~~, 7h

PE1’F’OR~~NG ORG REPORT NUMB ER
TI

7 . AU T HOR e ’ )  
- -  -‘ - — 

t. CON TRACTOR GR A N T H U M B E R ’

- ‘ - -——

/ 
~ 

- WlIllauu P. j -larris _J 
J I:19O28_78_C_øI)02 ‘~~- -- —J_~~i~’~’ ~

9, PERFORMING ORGANIZATION NAME AND ADDRESS I . ~~~AM £LfMr r ”pwe~te’I’ . tAS! -
‘ ‘ 

A REA & WORK UNIT NUMBERSLincoln La boratory , M . I .  1 .
P.O. Box 73 AR PA Order 3i99
Lexington , MA 02173 P.’~~i”L C”ulv ~W14l—

I I , CONTROLLING OFFICE NAM E AND ADDRESS Ii - (PQRL.OLTI ~
I)efense Advan ced Research Projects A,ge,’ncy / ‘ 30 Se~~~~~~~~ ’-t~ 7S
1400 WIlso n Boulevard - —

Arlington, VA 22209 ‘~ NUMB ER OF PAGES) ’_ 4’ , - -

14, MONITORING AGENCY NAME S ADDRESS ( If  d .f f , r,... fmi. C.aeigroUa~ 5 Offi c e’ ) IS, SECURITY CLAS S~ is

Uiuc1 aas~ if t e’dElectronic Systems Division
h(acns com A [”B 

- i5.i. DECLASSIFICATION DOWNGRADINGblecifeurd , MA 01731 SOIEDULE

14, DISTRIBUTION STATEMENT (of eMi Report)

Approved for public reLease; distribution unlluatlt eei .

I? , DISTRIB UTION STATEMENT (of A, o,bai,oct e,.ger.d a,, 81,,cA 20, if diffrr,ee* fr,a.a Rvp~a’i t

ii. SUPPLEMENTARY NOTES

None

19. KEY WORDS (CoMe,,,. on ~e ’,’.ra, aid, if nee’esa.vy aiid ,d.iusfy S~ bS,,,’A ns,enA.r)

Uncoin Teru’ninal Sy na’tc’an k’sson aiuthse ai’it~g 
S

computerized learning anal clii itt ’ ik’live’ ry

30, \BST RACT (CoMinne on ,.v.r,. aid, if n.c.sa y m d  id.ns. f~ b~ bloc4 nsmb..)

A review Is presented of the project to d evelop tinel fid el tvst the AR P A Author Ing Sr sue ’ au fear case’
by subjec(—mafler experts in the preparation of task training In on—the-job t’auvtr ean aune utis , M,’u ertals
were prepared according to the ARPA Mu thuearlng System preuceclures, eunuc h Laoth ~a rt’para it iea t a and ek,’Ilvcu’y
were on the facilities of the Unco[n Terminal System. An analysis of the k’,estun 1arodctctle uu rates fea r
30 lessons prepa red by Air Force personnel revealed lieu systeunat ic effects rt ’lauted t e a  litetiv le lual author ,
authoring experience, or lesson typ e .  Preliminary results from a field test of the materials Ind icate
th at the lessons are sound. La rge savi ngs were found In the linac tra inees require to reach jo lt qualifi-
cation and In the amount of labor that subject-matter experts nnuae ( ett ’thl ca(t’ tea t raining duties.

DD 1473 EDITION OF I NOV 65 IS OBSOLETE L!NCLAS IEIE I)

f ‘7 ( - “
~~

‘

~ 

SECURITY CLA SSIFICA ItON OF THIS PAGE t Arn ~ .Dr.d)

- - ‘ - 
a

‘~~~~ ~~~~~- — — — —  - -~~~~~~~~~ -‘~~~~ ~~~~~— - ~~~~ _‘- — . —~~~ ‘ ~~~~~~~~~~~ 
-


